Background -There is concern that, despite the fall in air pollution levels since the 1950s, there may still be adverse effects at current levels. A study was carried out to investigate the association between air pollution and respiratory symptoms in 23 year old subjects in 1981. Methods -Data on cough, phlegm, and wheeze were available on 11552 members ofthe 1958 national birth cohort. Counties in the UK were ranked by annual average level of black smoke and sulphur dioxide (SO2), and then divided into five groups. The subject's county of residence determined their categorisation of pollution exposure. The association between air pollution exposure and respiratory symptoms was examined by logistic regression, adjusting for social class, sex, and smoking. Results -The ranges of the air pollution groups were 2*0-13*0, 13-1-18*7, 19*6-208, 21-0-25X8, and 26*1-551 igIm' for black smoke, and 7-0-36-4, 36-7-42*7, 430-50*5, 52*0-59*3, and 609-87*7 pg/m3 for SO2. The overall prevalences of cough, phlegm, wheezing since age 16, and wheezing in the past year were 13-3%, 10-3%, 9-4%, and 44%/o, respectively. Phlegm symptoms increased with increasing smoke levels with evidence of a plateau. Cough and wheeze were not associated with black smoke; no symptom was associated with SO2. In the subgroup with wheeze at ages 16-23 there was no effect of smoke level on phlegm. Conclusions -Low ambient levels ofblack smoke were associated with decreased prevalence of phlegm symptoms in young adults in the UK in 1981. The effect was evident below the current EC guideline of 34-51 igIm' annual black smoke. In 1991 the annual mean smoke level for each county ranged from 3-4 to 26 5 igIm3, spanning all but the last exposure group used here. This is consistent with the existence of adverse and possibly chronic effects at current levels. (Thorax 1995;50:764-768) 
The There has been a resurgence of concern about the possible effects of pollution, espe- cially that from motor vehicles, which now produce as much particulate pollution as all other sources and account for the majority of oxides of nitrogen.2 Using more sophisticated statistical techniques for analysing time series data, a number of studies -mainly from the USA but also from Europe -have demonstrated effects on daily mortality, admissions, symptoms, and lung function at ambient levels below current national and international stand- ards.'0 In the one reported study from the UK associations between hospital admissions and smoke and S02 levels were reported within current guideline levels." Concerns about the health effects of air pollution have also been fuelled by concern about an increase in asthma and other atopic diseases.
Most evidence relates to short term effects of air pollution, but there is also evidence from the USA that chronic effects may occur. '2-15 An opportunity to study the chronic effects of air pollution in the UK using a cross sectional analysis is provided by respiratory data from the 1958 national birth cohort who were surveyed in 1981 at the age of 23. Data about the potential confounding factors of smoking and social class are also available. Although average levels of smoke and SO2 were higher in 1981 than at present, the range of exposures at county level overlaps with the current range and falls within EC guideline levels. Thus, the results will be of relevance to the present day situation.
Methods

STUDY SUBJECTS AND HEALTH DATA
The study used information from 11 552 subjects aged 23 years who were interviewed in 1981 as part of the National Childhood Development Survey (NCDS, a cohort of people born between 3 and 9 March 1958). Subjects were asked two questions on asthma/wheezy bronchitis: (1) have you suffered from asthma or wheezy bronchitis since your 16th birthday? (2) have you suffered from asthma or wheezy bronchitis in the past 12 months?; two questions on cough: (1) do you usually cough first thing in the morning in winter? (2) do you usually cough during the day or night during the winter?; two questions on phlegm: (1) do you usually bring up phlegm first thing in the morning in winter? (2) do you usually bring up phlegm during the day or night during winter?; and three questions on smoking: (1) have you ever smoked a cigarette, a cigar or a pipe? (2) do you smoke cigarettes at all nowadays? (3) have you ever smoked cigarettes regularly?
Subjects were classed as having cough symptoms if they answered yes to either of the cough questions and as having phlegm symptoms if they answered yes to either of the phlegm questions. Smokers were classified as "current", "ex"l, "experimental", or "never". Exsmokers were those who used to smoke regularly whilst experimental smokers had smoked but not regularly. Subjects were grouped into classes I and II, IIINM, IIIM, IV and V using the Registrar General Analyses of the effect of county pollution levels on county sympLom prevalences could not be carried out for several reasons. Firstly, allocating individual pollution measures to each subject leads to an analysis of the effect of living in each county rather than an analysis of the effect of exposure to ambient pollution levels. By using exposure groups people from different counties are in the same group, and thus the effects of potential confounding factors such as climate or geographical location are reduced. Secondly, allocating the mean county value as a measure of pollution exposure implies a degree ofprecision in the exposure estimate which does not exist. It is more certain that, within exposure group 1, despite individual variation in exposure, individuals have greater exposure to pollution than those within group 2. Thirdly, simple correlations between the prevalences of symptoms by county and the mean pollution levels were inappropriate because some counties had few subjects (<10), and thus symptom prevalences were either zero or large. Grouping subjects into five groups meant all available information could be included in the analysis.
Smoke and SO2 were ranked and grouped separately, hence subjects may be in a different exposure group for each of the two pollutants. A combined smoke and S02 level for the 50 counties with both measurements was calculated by ranking counties by their smoke levels and SO2 levels, and adding the ranks.
The odds ratio of each of the four respiratory symptoms was computed using logistic regression models within which the potential confounding factors of smoking, social class, and sex were included. In the first instance a test for homogeneity across the pollution groups was performed, and this was followed by a test for trend where there was some evidence of a trend on inspection. The trend analyses used the median value of pollution in each exposure group as a covariate.
Results
A total of 11 552 subjects was included in the analysis. Smoke data were missing for 118; S02 data for 36; social class data for 2366; smoking data for six; gender data for two; phlegm data for nine; cough data for six; and data on asthma at the age of 23 and asthma since the age of 16 for one. The number of subjects used in each analysis is shown in the tables.
The prevalence of asthma since age 16 was 9-4%; asthma or wheezing in the past year, 4-4%; cough, 13-3%; and phlegm, 10-3%. Prevalence of respiratory symptoms was strongly related to smoking (table 1) and cough and phlegm were also strongly related to social class (table 2) . Pollution measures were available for 54 counties after the exclusion criteria had been applied, 53 for smoke and 51 for S02. There was variation in the ambient levels ofsmoke and There was some variation, although not statistically significant, in the odds ratio for cough symptoms across the smoke exposure groups. Asthma symptoms and smoke levels were not associated.
There was no evidence of variation in the odds ratios for any ofthe four respiratory symptoms across the SO2 exposure groups. There was no relationship between prevalence of current smoking and pollution levels.
The odds ratios for phlegm symptoms increased with increasing combined pollution exposure group, but this was not statistically significant. There was no association between the other three respiratory symptoms and combined pollution exposure.
When the analysis was restricted to those who had not changed county of residence between the ages of 16 and 23, the relationship was similar but the results were no longer significant.
Discussion
The pollution exposure measures used here are of ambient levels averaged over counties, but individual exposures will vary from these for a variety of reasons including distance from the monitor, time spent outside, level of physical activity, etc. Allocating the same exposure to indicated that pollution was no longer a cause of symptoms. Neither of these studies allowed for exposure to smoking in the home. A national study in 1975 found an association between annual mean levels of smoke and prevalence ofrespiratory illness in children which appeared to be independent of parental smoking.6 However, because the association was at lower levels of smoke jg/m3) than reported previously, it was thought unlikely to be causal and instead attributed to either chronic effects ofpast higher levels or some other characteristic of polluted areas.
Recent evidence from the USA supports an association between smoke levels and health effects, although the pattern of pollutants there is different from that seen in the UK. A study of children in six cities in the USA found an effect of total particulates on respiratory symptoms. 12 Cross sectional studies in adults have shown similar results. Both chronic respiratory symptoms"14 and lung function'5 in adults in the USA were related to levels of total particulates.
In the UK a study of an adult cohort found that respiratory symptoms (phlegm, lower respiratory illness, asthma/wheeze, and peak expiratory flow rate) were not related to SO2 exposure in adulthood, but that both lower respiratory disease and asthma/wheeze in adulthood were significantly related to pollution exposure in childhood as measured by domestic coal consumption. 16 The effect of adult exposure to smoke was not studied.
Our study suggests that smoke pollution was still a cause of chronic respiratory symptoms in 1981, with an effect on prevalence at concentrations comparable to current ambient levels. In 1991 the annual mean smoke level for each county ranged from 3-4 to 26-5 gg/M3 (mean . This range spans all but the last exposure group used here. These levels are all within the current EC guideline of 35-51 gg/ m3 annual smoke level. No effect of pollution on the prevalence of wheeze symptoms was found, and there was no evidence from this study that wheezy individuals are particularly susceptible to the effects of ambient air pollution.
Recent evidence from the USA supports our finding that particulate pollution may be more important than SO2. '7 The nature of the relationship is harder to determine. Time series analysis of the relationship between daily changes in smoke levels and mortality suggests that there is a non-linear relationship which is steeper at lower levels, similar to the relationship we found but at higher levels of smoke.'0 In contrast, geographical analysis of the effect of total particles suggests an increasing effect on lung function with increasing levels of pollution. '8 The relationship between childhood pollution exposure and adult respiratory symptoms"6 raises the possibility that the association we found may be a residual effect due to exposure in childhood rather than to present exposure. However, unlike Mann et al, we did find significant associations with current ambient pollution levels. Further study of the childhood exposure of the NCDS cohort is planned and may clarify this issue. The cohort were contacted again in 1991 (at age 33), but the paucity of pollution measures available at that time may restrict the scope for further geographical analyses of respiratory symptoms in relation to current pollution levels.
In conclusion, we found that low ambient levels of particulate pollution were associated with a decreased prevalence of phlegm symptoms in young adults in the UK in 1981. The causal interpretation of these findings would be aided by further studies which can control for a wider range of potential confounders or which assess childhood exposure.
